A catalyst-free, solvent-promoted and scalable three-component Mannich-type reaction of indoles, aromatic aldehydes and secondary amines for the synthesis of 3-(1-dialkylaminoalkyl)-1H-indoles has been developed. The protocol provided a mild, simple and highly atom-economic alternative to prepare the title compounds, and the corresponding products could be obtained in good to excellent yields in most cases.
Introduction
Indole is probably the most ubiquitous motif in nature [1] . A large number of natural and synthetic indole derivatives have been found a venerable value in pharmaceutical and medical applications since they are able to bind with high affinity to many receptors [2 -8] . Among them, 3-substituted indole derivatives have attracted much attention due to the broad scope of their biological activities [9 -12] . Although Friedel-Crafts alkylation of indole has been widely employed for the preparation of 3-substituted indole derivatives, the methods often suffer from drastic reaction conditions (high temperature, strong acid/base) and regioselectivity problems [13 -15] . In recent years, some transition metal catalysts have emerged as an alternative to the conventional catalysts for Friedel-Crafts alkylation of indoles. However, most of the substrates were limited to electron-neutral or electron-deficient alkenes [16 -26] . The Mannich reaction is another straightforward and powerful tool employed in the synthesis of alkylated indoles [27] , especially in the synthesis of indoles by aminoalkylation. Mannich reactions of aldehydes, primary amines, and indoles catalyzed by carboxylic acids in water [28] and the condensation of heteroaryl amines, aromatic aldehydes, and indoles under solvent-free but thermal conditions to prepare 3-(1-dialkylaminoalkyl)-1H-indoles have been reported [29] . Kumar and co-workers reported L-proline-catalyzed Mannich-type reactions for the synthesis of 3-(1-dialkylaminoalkyl)-1H-indoles using a cyclic amine under solvent-free conditions [30] . They also reported that the aminoalkylation of N-substituted indoles could be carried out in good yields in water in the presence of a surfactant [31] . In the course of developing new catalysts for the synthesis of 3-aminoalkylated indoles, we unexpectedly found that these compounds could be prepared without catalyst, and that solvents had an extraordinary effect on the reaction. This catalyst-free approach offers a less expensive and much simpler method for 3-amino-alkylated indoles, and the procedure is also scalable. Therefore, we wish to report this catalyst-free, one-pot, threecomponent reaction in this article.
Results and Discussion
Initial studies were undertaken using indole, pyrrolidine and benzaldehyde in a model reaction without catalyst in different solvents. As shown in Table 1, solvents had a remarkable effect on the reaction. When the reaction was carried out in toluene, THF, 1,4-dioxane, n-butyl acetate, isopropyl ether, DMSO, MTBE, CHCl 3 , or MeCN at 30 • C, the desired product 4a was only obtained in low yields of 11 -46 % ( Table 1 , entries 3 -13). However, polar protic solvents The time-course of this reaction was also investigated (Fig. 1) . The reaction was relatively fast in the initial 24 h, and after that the reaction rate decreased markedly. A good yield of 93 % was obtained after 72 h, and prolonging the reaction time to 84 h did not increase the yield.
To further optimize the reaction conditions, we examined the effect of solvent volume on the model reaction in MeOH at 30 • C ( Table 2 ). The best yield of 95 % was obtained in 0.7 mL MeOH on a 1.0 mmol scale ( Table 2 , entry 5). When the solvent volume was more than or less than 0.7 mL, lower yields were obtained. Thus, we chose 0.7 mL MeOH as an optimal solvent volume for 1.0 mmole of substrate. Next, we attempted to scale up this catalyst-free, one-pot, three-component reaction. When the model reaction was scaled up to 10.0 mmol under the optimized conditions, it worked smoothly giving product 4a in a good yield of 86 % ( Table 2 , entry 8).
Finally, various structurally diverse aldehydes, indoles and secundary amines were tested under optimized reaction conditions to explore the scope and generality of this methodology. As is shown in Table 3 , when pyrrolidine was used as a secondary amine, activated, unactivated and deactivated indoles reacted with aromatic aldehydes bearing either electron-donating or electron-withdrawing groups affording the corresponding products in good to excellent yields of 85 -99 % ( Table 3 , entries 1 -17). However, when dimethylamine, piperidine or morpholine was used as a secondary amine, benzaldehyde and indole gave the corresponding products in low yields of 28 -35 % (Table 3, entries 18 -20) . The position of the substituents on the benzaldehyde seems to have little effects on the yields (Table 3 , entries 2 -4).
In conclusion, we have developed a catalyst-free, three-component Mannich-type reaction for the preparation of 3-(1-dialkylaminoalkyl)-1H-indoles under mild reaction conditions. Solvents had a remarkable effect on the reaction, and the polar protic solvent MeOH gave the best results. The procedure is simple and scalable. Using Mannich-type reactions of aldehydes, amines and indoles through the loss of a molecule of water to prepare 3-aminoalkylated indoles was highly atom-economic. Moreover, in this procedure just a 1 : 1 : 1 molar ratio of the three reactants was sufficient to obtain good yields in most cases, which makes the methodology a rather attractive process for the synthesis of 3-aminoalkylated indoles.
Experimental Section

General information
All reagents were purchased from commercial suppliers and used without further purification. Column chromatography was performed on silica gel (100 -200 mesh), eluting with ethyl acetate and petroleum ether. Thin layer chromatography was carried out using Haiyang GF254 silica gel TLC plates. NMR spectra were recorded at 300 MHz or 400 MHz with CDCl 3 as solvent. Chemical shifts are expressed in ppm with TMS as internal standard, and coupling constants are reported in Hz. High-resolution mass spectra (Varian 7.0T FTICR-MS) were obtained by use of ESI ionization sources.
General procedure for the catalyst-free three-component reaction for the synthesis of 3-amino alkylated indoles
The aldehyde (1.0 mmol), secondary amine (1.0 mmol), indole (1.0 mmol), and MeOH (0.7 mL) were sequentially added into a round-bottom flask to form a clear yellow solution. The resultant mixture was stirred at 30 • C for 72 h. The solvent was removed under reduced pressure, and the residue was purified by silica gel flash column chromatography with petroleum ether-ethyl acetate as eluent to give the desired product. 
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